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ABSTRACT
We  report  results  from  experimental  water  markets  in  which  owners  of  two  different  sources  of  water  supply  
ZDWHUWRKRXVHKROGVDQGIDUPHUV7KH¿QDOZDWHUTXDOLW\FRQVXPHGE\HDFKW\SHRIFRQVXPHULVGHWHUPLQHG
WKURXJKPL[LQJRITXDOLWLHVIURPWZRGLIIHUHQWUHVRXUFHV:HFRPSDUHWKHVWDQGDUGGXRSROLVWLFPDUNHWVWUXF-­
WXUHZLWKDQDOWHUQDWLYHPDUNHWFOHDULQJPHFKDQLVPLQVSLUHGE\JDPHVZLWKFRQ¿UPHGVWUDWHJLHVZKLFKKDYH
been  shown  to  yield  collusive  outcomes).  As  in  the  static  case,  complex  dynamic  markets  operating  under  a  
FRQ¿UPHGSURSRVDOVSURWRFRO\LHOGOHVVHI¿FLHQWRXWFRPHVEHFDXVHFRRUGLQDWLRQDPRQJLQGHSHQGHQWVXSSOL-­
ers  has  the  usual  effects  of  restricting  output  and  increasing  prices  to  the  users.  Our  results  suggest  that,  when  
market  mechanisms  are  used  to  allocate  water  to  its  users,  the  rule  of  thumb  used  by  competition  authorities  
can  also  serve  as  a  guide  towards  water  market  regulation.
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RESUMEN
6HSUHVHQWDQUHVXOWDGRVGHXQH[SHULPHQWRFRQPHUFDGRVDFXtIHURVHQHOTXHORVSURSLHWDULRVGHDJXDGH
GLVWLQWDFDOLGDGODRIUHFHQDKRJDUHV\DJULFXOWRUHV/DFDOLGDG¿QDOPHQWHFRQVXPLGDSRUFDGDWLSRGHFRQVX-­
midor  se  determina  a  partir  de  una  mezcla  de  las  dos  calidades.  Se  compara  el  duopolio  estándar  con  una  
IRUPDDOWHUQDWLYDGHFHUUDUHOPHUFDGRTXHHVWi LQVSLUDGDHQORV MXHJRVFRQSURSXHVWDVFRQ¿UPDGDVTXH
consiguen  resultados  relativamente  más  colusivos.  Como  en  el  caso  estático,  los  mercados  dinámicos  y  com-­
SOHMRVTXHRSHUDQEDMRXQSURWRFRORGHSURSXHVWDVFRQ¿UPDGDVVRQPHQRVH¿FLHQWHVSRUTXHODFRRUGLQDFLyQ
entre  oferentes  independientes  tiene  los  efectos  de  restringir  el  output  y  de  provocar  un  crecimiento  de  los  
SUHFLRV1XHVWURVUHVXOWDGRVVXJLHUHQTXHFXDQGRORVPHFDQLVPRVGHPHUFDGRVHXWLOL]DQSDUDGLVWULEXLUHO
agua  a  sus  usuarios,  la  regla  utilizada  por  parte  de  las  autoridades  de  la  competencia  puede  servir  también  
FRPRJXtDSDUDODUHJXODFLyQGHORVPHUFDGRVDFXtIHURV
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INTRODUCTION*
,QLWVSROLF\SDSHUWater  Resources  Management)  the  World  Bank  states  that  the  
deterioration  and  scarcity  of  fresh  water  in  recent  times  is  due  to  the  “failure  to  properly  
consider  the  economic  value  of  water.  Given  that  water  is  given  little  or  no  economic  
YDOXHLWLVPLVDOORFDWHGDQGPLVXVHG´7KXVHI¿FLHQF\LQZDWHUDOORFDWLRQLVEHFRPLQJ
RIJUHDWLPSRUWDQFHIRUFRXQWULHVDOORYHUWKHZRUOG7KHSUREOHPLVGLI¿FXOWJLYHQWKDW
historically  water  has  been  treated  as  a  social  rather  than  an  economic  good.  A  need  
IRUDPDUNHWEDVHGPHFKDQLVP WRDOORFDWHZDWHUHI¿FLHQWO\ LVZLGHO\JDLQLQJDFFHS-­
tance.  
Water  is  a  growing  industry  worldwide.  Recent  estimates  put  the  world  water  market  
at  $300  billion,  with  the  United  States  accounting  for  more  than  half   that  amount.  Two  
of  the  fastest  growing  markets  are  in  water  rights  and  municipal  water  supply  systems.  
7KH SURSHU GH¿QLWLRQ RI SURSHUW\ ULJKWV DQG GHOHJDWLRQ RI ZDWHU DOORFDWLRQ WR PDUNHW
mechanisms  can  alone  not  solve  the  problem.  For  example,  it  has  been  shown  that  com-­
SHWLWLYHZDWHUZLWKGUDZDOFDQOHDGWRRYHUH[SORLWDWLRQ0RHQFK*RUGRQ
meanwhile,   showed   that   complete   rent   dissipation  may  occur   from   the  exploitation  of  
an   open   access   resource,  whereas   a   single   owner   internalizes   exploitation   externali-­
WLHVDQGZRXOGEHPRUHHI¿FLHQW([SHULPHQWVKDYHEHHQXVHGE\:DONHU*DUGQHUDQG
2VWURP:DONHUDQG*DUGQHUDQG*DUGQHU0RRUHDQG:DONHUWR
VWXG\FRPPRQSRROUHVRXUFHSUREOHPV0DVRQDQG3KLOLSVIRUH[DPSOHSURYLGH
experimental  evidence  on  the  relationship  between  group  size  and  the  standing  stock  of  
a  common  resource.  The  general  result  is  that  there  is  an  inverse  relationship  between  
the  number  of  resource  extractors  and  rent  accrual.  
0F&DEH5DVVHQWL DQG6PLWK  SUHVHQW D ³VPDUW´ FRPSXWHU DVVLVWHGPDUNHW
institution.  This  mechanism  was  designed  to  compute  prices  and  allocations  by  applying  
an  optimization  algorithm  that  maximizes  the  possible  gains  from  exchange,  given  a  set  
RIGHFHQWUDOL]HGVWUDWHJLHV8VLQJ&DOLIRUQLDDVDFDVHVWXG\0XUSK\HWDOWHVW
alternative  institutional  arrangements  for  a  computer  assisted  “thin”  spot  market,  showing  
WKDWWKH³VPDUW´XQLIRUPSULFHGRXEOHDXFWLRQ\LHOGVKLJKO\HI¿FLHQWRXWFRPHVDQGWKDW
FRWHQDQF\RISLSHOLQHQRGHVLPSURYHVHI¿FLHQF\FRPSDUHGWRDPRQRSRO\
Apart  from  identifying  important  shortcomings  of  decentralized  exploitation  of  water  
resources,   the   studies  mentioned   above   show   that   experiments   can   be   a   useful   test  
EHGWRVWXG\DOWHUQDWLYHZDWHUPDQDJHPHQWPHFKDQLVPV:DONHU*DUGQHUDQG2VWURP
1990;;  Walker  and  Gardner,  1992;;  Murphy  et  al.,  2000).  Experiments  can  replicate  impor-­
tant  characteristics  of  existing  markets  and  test  them  in  a  laboratory  setting  at  a  minimal  
   *  $FNQRZOHGJHPHQWV:HJUDWHIXOO\DFNQRZOHGJH¿QDQFLDOVXSSRUWE\WKH6SDQLVK0LQLVWU\RI6FLHQFHDQ
7HFKQRORJ\(&2(&21DQG(&21-XQWDGH$QGDOXFtD36(-%DQ-­
FDL[D3%,QVWLWXWR8QLYHUVLWDULRGH(FRQRPtD&RQVROLGHU,QJHQLRDQGWKH&RPXQLGDGGH
0DGULG([FHOHQFLD
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cost  to  the  regulator.  A  common  feature  of  the  aforementioned  studies  is  strategic  inte-­
raction  between  agents  leading  to  extraction  levels  which  diverge  from  the  economically  
HI¿FLHQWRQHV
$GLIIHUHQWDQG UDWKHUQHJOHFWHGVRXUFHRI LQHI¿FLHQFLHV LQZDWHUDOORFDWLRQ UHODWHV
WR WKH IDFW WKDW WKHVFRSHRIZDWHUPDQDJHPHQW LVGH¿QHGZLWKLQ OLPLWHGJHRJUDSKLFDO
areas  whose  extension  depends  on  administrative  divisions  of   land.  This   is  especially  
relevant   in   the  case  of  water   transfers  across  regions  and   joint  management  of  water  
from  different  resources.  In  recent  years,  apart  from  mixing  water  from  different  sources,  
UHF\FOLQJLVDOVRFUHDWLQJVLWXDWLRQVLQZKLFKGLIIHUHQWZDWHUTXDOLWLHVKDYHWREHPL[HG,Q
VXFKFDVHVWKHPDQDJHPHQWRIZDWHUIURPGLIIHUHQWVRXUFHVDIIHFWVWKHTXDOLW\RIZDWHU
WKDWHDFK IDUPRUKRXVHKROG UHFHLYHV8VXDOO\ WKHTXDOLW\RIZDWHU IRUKRXVHKROGXVH
PXVWVDWLVI\VSHFL¿FTXDOLW\UHTXLUHPHQWV2QWKHFRQWUDU\TXDOLW\VWDQGDUGVIRUIDUPXVH
are  much  weaker.  Thus,  any  authority  supplying  water  to  two  different  types  of  users  who  
GLIIHULQWKHLUPLQLPXPDFFHSWDEOHTXDOLWLHVKDVDQDGGLWLRQDOGLPHQVLRQWRGHDOZLWKWKH
RSWLPDOPL[RITXDOLWLHVWKDWVKRXOGEHVXSSOLHGWRXVHUVLPSOHPHQWHGWKURXJKWKHXVXDO
instrument  of  pricing  by  level  of  consumption.
,Q WKLVSDSHUZHGH¿QHDZDWHUPDUNHW IRFXVLQJRQWKHQRYHO IHDWXUHRIH[WUDFWLRQ
IURPWZRGLIIHUHQWVRXUFHVOHDGLQJWRHQGRJHQRXVZDWHUTXDOLW\1.  We  experimentally  test  
WKH HI¿FLHQF\ RI WZR GLIIHUHQWPDUNHW VWUXFWXUHV ODEHOOHG DVduopoly   and  coordinated  
duopoly.  Our  results   indicate  that  a  more  competitive  market  environment  yields  more  
HI¿FLHQWRXWFRPHVWKDQWKRVHDFKLHYHGLQWKHFROOXVLYHHQYLURQPHQWRIWKHFRRUGLQDWHG
GXRSRO\ VWUXFWXUH$PRUH JHQHUDO LPSOLFDWLRQ RI WKLV ¿QGLQJ LV WKDW ZKHQ WKHPDUNHW
mechanism   is  used  to  allocate  water   to   its  users   the  usual   rules  of   thumb  apply.  That  
LVFROOXVLRQDPRQJLQGHSHQGHQWVXSSOLHUVLQHI¿FLHQWO\UHVWULFWVRXWSXWDQGUDLVHVSULFHV
to   consumers.  Generally   speaking,  water  market   regulation   should  not   be  permissive  
towards  anti-­competitive  practices  like  explicit  agreements  or  coordination  of  actions  by  
independent  suppliers.
A  second  contribution  of  the  paper  regards  the  mechanism  used  in  the  determination  
of   the  market  clearing  price.  This   issue  has  received  a   lot  of  attention   in   the   literature  
VHHIRUH[DPSOH9DUHOD2UWHJD7VXUDQG'LQDUHWFZKLFKDOVRVHH%DU
6KLUDHWDOVHHPV WRFRQYHUJH WRZDUGVDQDJUHHPHQWRQ WKH IDFW WKDWXQLIRUP
SULFLQJLVZHDNO\PRUHHI¿FLHQWWKDQEORFNUDWHSULFLQJ2XUPHWKRGLVDFRPELQDWLRQRI
block-­rate  pricing  and  uniform  pricing   in   the  following  sense:  Suppliers  post  block-­rate  
bids  to  the  market,  but  the  market  clears  through  a  uniform  price  determined  by  the  price-­
bid  of  the  “last”  block  of  each  type  of  water  consumed  by  the  users.  To  implement  this  
price  formation  mechanism,  we  programmed  a  “smart”  agent  representing  the  users.  The  
agent  allocates  water  among  farmers  and  households  in  a  way  that  maximizes  consumer  
surplus  conditional  to  the  block-­rate  bids  posted  by  the  suppliers  of  the  two  different  types  
   1  0RGLI\LQJWKHPDUNHWFOHDULQJPHFKDQLVPLQ*HRUJDQW]LVHWDODQGFRQVLGHULQJDGLIIHUHQWVHWRI
DOWHUQDWLYHVIURPWKRVHLQ*DUFtD*DOOHJRHWDOIRUWKFRPLQJ
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RIZDWHU7KHUHIRUHGHVSLWHWKHLQGHSHQGHQWSUR¿WGULYHQDFWLRQRIVXSSOLHUVRXUVHWXS
assumes  and  implements  conditional  collective  optimality  of  actions  on  the  demand  side.  
)LQDOO\ WR RXU NQRZOHGJH RXUV LV WKH ¿UVW SDSHU LQZKLFK D ³FRQ¿UPHG VWUDWHJLHV´
protocol   is  used   to   implement  a  collusive  environment   in   the   framework  of  a  dynamic  
H[SHULPHQWDOVHWWLQJ2XU¿QGLQJVVKRZWKDWVXFKDEDUJDLQLQJDSSURDFKWRFRRUGLQD-­
WLRQDPRQJLQGHSHQGHQWVXSSOLHUVLVSDUWLFXODUO\HI¿FLHQWLQLQGXFLQJGHSDUWXUHVIURPWKH
competitive  outcome.  
7KHSDSHULVVWUXFWXUHGDVIROORZV,Q6HFWLRQZHGHVFULEHWKHDTXLIHUV\VWHP,Q
Section  3  we  discuss  our  experimental   design.  Section  4  discusses   the  experimental  
UHVXOWV6HFWLRQFRQFOXGHV
THE AQUIFER SYSTEM 
There  are  two  renewable  stocks  SHKLJKTXDOLW\DQG6LORZTXDOLW\IURPZKLFKZDWHU
may  be  extracted.  For  the  sake  of  simplicity,  we  assume  that  the  recharge  to  the  respec-­
WLYHEDVLQLVGHWHUPLQLVWLFDQGFRQVWDQW7KHLQÀRZWRWKHUHVSHFWLYHEDVLQVLVDVVXPHG
WRFHDVHZKHQWKHVWRUDJHFDSDFLW\RIWKHDTXLIHULVUHDFKHG7KDWLVRQFHWKHPD[LPXP
VWRUDEOHVWRFNLVUHDFKHGH[WUDZDWHULQÀRZLVORVW7KHUHWXUQÀRZRIFRQVXPHGZDWHU
is  assumed  to  be  negligible.  Thus,  changes  in  the  stocks  are  exclusively  due  to  extrac-­
tion  and  recharge.  Extraction  costs  are  supposed  to  be  twice  differentiable  functions  of  
TXDQWLW\DQGVWRFNVL]H)LUVWGHULYDWLYHVDUHDVVXPHGWREHUHVSHFWLYHO\SRVLWLYHDQG
negative,  whereas  second  derivatives  are  positive.
:HDOORZIRUWKHSRVVLELOLW\WKDWWKHZDWHUUHVRXUFHVGLIIHULQTXDOLWLHV4XDOLW\RIZDWHU
LQDQDTXLIHUPD\EHORZHUGXHWRPDULQHLQWUXVLRQRUGXHWRLQ¿OWUDWLRQRIIHUWLOL]HUIURP
DJULFXOWXUH/HWWKHTXDOLWLHVEHGHQRWHGUHVSHFWLYHO\E\QH  and  QL,  where  QH  >  QL  >0.  
7KHWZRTXDOLWLHVDUHDVVXPHGWREHFRQVWDQWRYHUWLPH+RZHYHUDQ\LQWHUPHGLDWHTXD-­
lity  may  be  supplied  to  the  consumers  as  a  result  of  mixing  water  from  the  two  sources.  
1RWHWKDWXVXDOO\TXDOLW\FKRLFHLVVWXGLHGLQWKHFRQWH[WRIVWDWLFSURGXFWGLIIHUHQWLDWLRQ
PRGHOV,QWKHVHPRGHOVSURGXFWTXDOLW\LVFKRVHQLQDZD\ZKLFKWDNHVLQWRDFFRXQWWKH
FRPSHWLWLRQUHGXFLQJ HIIHFW RI SURGXFW GLIIHUHQWLDWLRQ 7KXV TXDOLW\ FKRLFH GHWHUPLQHV
WKH¿HUFHQHVVRISULFHFRPSHWLWLRQ+HUHWKHFDXVDOLW\LVUHYHUVHG)LQDOSURGXFWTXDOLW\
LV WKH UHVXOWRISULFHVHWWLQJEHKDYLRXU7KXVVWUDWHJLF LQWHUDFWLRQGHWHUPLQHV WKH¿QDO
TXDOLW\ZKLFKLVXQLTXHDQGQRWGLUHFWO\FRQWUROOHGE\DQ\VLQJOHDJHQW
0L[LQJTXDQWLWLHV.H  and  KLRIWKHWZRTXDOLWLHVUHVXOWVLQZDWHUZKRVHTXDOLW\LVJLYHQ
by  the  weighted  average:

5HVRXUFHÀRZEHWZHHQWKHVRXUFHVDQGWKHFRQVXPHUVLVFRRUGLQDWHGE\DSDLURI
 
QM (KH , KL ,QH ,QL ) =
KHQH +KLQL
KH +KL

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knots,  which  centralize  the  mixing  process  at  the  consumer’s   location.  Figure  1  repre-­
sents  the  distribution  scheme  described  above.
Suppose  that  the  behaviour  of  the  consumers  can  be  aggregated  under  one  of  two  
W\SHVLKRXVHKROGVhDQGLLIDUPHUVF).  Consumers  differ  in  their  respective  prefe-­
UHQFHVUHJDUGLQJWKHTXDOLW\RIZDWHU%RWKW\SHVSUHIHUDKLJKHUTXDOLW\DQGTXDQWLW\RI
the  water  to  aORZHURQH+RXVHKROGVFRQVXPHZDWHUZKRVHTXDOLW\ZHDNO\H[FHHGVD
PLQLPXPVWDQGDUG ,IPL[HGTXDOLW\GRHVQRWVDWLVI\ WKLVFRQGLWLRQ LWZLOOEHVXEMHFW WR
SXUL¿FDWLRQ
4XDOLW\RISRWDEOHZDWHUVKRXOGZHDNO\H[FHHGWKHFRQVWDQWPLQLPXPTXDOLW\VWDQ-­
dard  Qmin,  where  QH  >Qmin  >QL0L[HGZDWHURITXDOLW\QM  may,  or  may  not,  satisfy  the  
PLQLPXPTXDOLW\VWDQGDUG7KLVGHSHQGVRQWKHTXDQWLWLHVDQGWKHTXDOLWLHVZKLFKDUH
PL[HG4XDOLW\PD\EHLPSURYHGDWDFRVW7KLVFRVWLVDQLQFUHDVLQJIXQFWLRQRIWKHGLIIH-­
UHQFHEHWZHHQWKHTXDOLW\EHIRUHDQGDIWHUGHSXUDWLRQ0RUHRYHUDJLYHQLPSURYHPHQW
6QRIDORZHUTXDOLW\LVOHVVFRVWO\WKDQWKHVDPHLPSURYHPHQWSHUIRUPHGRQDKLJKHU
TXDOLW\/HWWKHLQLWLDOTXDOLW\VXEMHFWWRSXUL¿FDWLRQEHQ07KHSXUL¿FDWLRQFRVWGHQRWHG
by  C
6Q(K,  6Q,  Q0)IRUDFHUWDLQZDWHUTXDOLW\Q0  DQGTXDQWLW\K=KH+KLUHTXLULQJDTXDOLW\
improvement  6Q,  is  assumed  to  satisfy  the  following  conditions:  
         
Figure  1.
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Figure 1. The pipeline network. 
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7KHSXUL¿FDWLRQSURFHGXUHLVDVVXPHGWREHFRVWO\HQRXJKVXFKWKDWLWLVQRWSUR¿WDEOH
WRLPSURYHTXDOLW\DERYHWKHPLQLPXPVWDQGDUG+HQFHWKHTXDOLW\FRQVXPHGE\KRXVH-­
KROGVLVWKHPD[LPXPEHWZHHQWKHPLQLPXPDQGWKHPL[HGTXDOLW\7KXVQ0  =  QM  and,
2XU DVVXPSWLRQV FRQFHUQLQJ FRQVXPHU XWLOLW\ DUH TXDOLWDWLYHO\ VLPLODU WR WKRVH LQ
:LOOLDPVHWDORQPXOWLSOHFRPPRGLWLHVZKLFKDUHLQWHUGHSHQGHQWLQFRQVXPSWLRQ
7ZRIHDWXUHVZKLFKDUHUDWKHUVSHFL¿FWRWKHG\QDPLFVRIZDWHUDUHDGGHGWRWKHVWUXF-­
WXUH¿UVWEX\HUVDUHUHVWULFWHGWRSXUFKDVHXSWRDFHUWDLQDPRXQWRIHDFKW\SHRIZDWHU
6HFRQGDFRQVWDQWLQÀRZUHFKDUJHLQHDFKSHULRGPDLQWDLQVWKHVWRFNRIZDWHULQWKH
basins  of  each  producer.  In  fact,  following  a  standard  formulation  of  similar  groundwater  
extraction  problems,  a  lower  stock  implies  a  higher  extraction  cost.  Thus,  each  period’s  
marginal  cost  and  past  levels  of  extraction  are  positively  correlated.
/HWWKHKRXVHKROGVWDNHWKHSXUL¿FDWLRQFRVWLQWRDFFRXQWLQWKHLUXWLOLW\IXQFWLRQ)XU-­
ther,  assume  utility  functions  for  the  respective  consumer-­types,  
      Uh=Uh(Kh,QMh)  and  UF=UF(KF,QMF)  
      where  Kh=KHh+KLh,  and  KF=KHF+KLF  
WREHWZLFHGLIIHUHQWLDEOHZLWKUHVSHFWWRWKHTXDQWLW\DQGWKHPL[HGTXDOLW\$IDUPHUV¶
XWLOLW\LVLQFUHDVLQJLQERWKDUJXPHQWV:KLOHGHSHQGLQJRQWKHSXUL¿FDWLRQFRVWIXQFWLRQ
the  utility  function  of  households  PLJKWEHLQFUHDVLQJLQWKHTXDQWLW\RIORZTXDOLW\RQO\
up   to   a   certain   limit2.   From   twice   differentiability   of   the   utility   functions   it   follows   that  
the  sum  of  the  functions  is  twice  differentiable,  too.  The  indirect  social  welfare  function  
),( LH KKV ,  wKLFKPD[LPL]HVFRQVXPHUVXUSOXVIRUDJLYHQTXDQWLW\RIZDWHUFDQEH
obtained  as  a  solution  to  the  following  problem:
                                     
                          
         
   2  ,QIDFWLWZLOOEHLQFUHDVLQJLIPL[HGTXDOLW\ZHDNO\H[FHHGVWKHPLQLPXPTXDOLW\VWDQGDUG

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As  a  benchmark  for  our  experimental  results,  we  are  interested  in  the  socially  optimal  
solution  of  water  supply.  Given  the  assumptions  above,  we  formulate  the  program  that  
maximizes  social  welfare.3  Without  loss  of  generality,  suppose  that  initially  the  resource  
VWRFNVDUHLQWKHQDWXUDOK\GURORJLFDOHTXLOLEULXPLHDWWKHXSSHUERXQGRIWKHVWRUDJH
FDSDFLW\/HW LH aa , GHQRWHUHFKDUJHVRIWKHWZRZDWHUTXDOLWLHVRIZDWHUDQGt0  the  
starting  time  of  extraction.  Assume  that  the  social  rate  of  discount  is  ƣ.  Thus,  the  inter-­
temporal  social  objective  function  is  formulated  as  follows:
2EVHUYHWKDWLQWKHFDVHRIDG\QDPLFGXRSRO\JDPHSOD\HGE\ZDWHUVXSSO\¿UPV
strategies  aim  at4:
  
                    
                    
                    
   3  This  problem  is  solvable  by  means  of  optimal  control  theory,  where  the  stocks  are  the  states  and  the  
TXDQWLWLHVWKHFRQWUROYDULDEOHV
   4                                  and                              UHSUHVHQWUHVSHFWLYHO\WKHUHVHUYHSULFHIRUKLJKDQGORZTXDOLW\VXSSOLHUV


 
max
KH t ,KL t
e t
t0

 V (KH t ,KL t ) CH t (KH t ,SH t ) CL t (KL t ,SL t )[ ] dt
s.t.
(i) dSH td t =
KH t + aH , if SH <SHmax
0, otherwise
 
 
 
(ii) dSL td t =
KL t + aL , if SL <SLmax
0, otherwise
 
 
 
(iii) SH t0 =SHmax
(iv) SL t0 = SLmax
(i)    
(ii)   
s.t.
 
max
KHt
et
t0

 RH (KHt ) CHt (KHt,SHt )[ ] dt 
)( LtL KR)( HtH KR
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IRUWKHVXSSOLHURIKLJKTXDOLW\ZDWHUDQG
IRUWKHORZTXDOLW\VXSSOLHUUHVSHFWLYHO\ZKLFKLQFRPSDULVRQZLWKWKHVRFLDOZHOIDUHVWDWLF
PD[LPL]DWLRQVKRZVWKDWSULYDWHPDQDJHUVGRQRWDFFRXQWIRUHDFKRQH¶VZDWHUTXDOLW\
HIIHFWRQWKHVRFLDOYDOXHJHQHUDWHGE\WKHRWKHUTXDOLW\)ROORZLQJVWDQGDUGUHVXOWVIURP
dynamic  duopoly  games,  it  can  be  shown  that  private  water  suppliers  will  reduce  output  
with  respect  to  the  social  optimum  described  above.
By  means  of  the  resulting  current  value  Hamiltonian  and  Pontryagin’s  maximum  prin-­
FLSOHDVVXPLQJDQLQWHULRUVROXWLRQWKHWZRIROORZLQJFRQGLWLRQVKDYHWREHVDWLV¿HGLQ
WKHK\GURHFRQRPLFHTXLOLEULXP
         
7KHFRQGLWLRQVLQVLPXOWDQHRXVly  determine  the  steady-­state  standing-­stocks  of  
SH  and  SL.  They  basically   state   that,   in   the   long-­run,   the  marginal   social   utility,  which  
HPERGLHVWKHUHVSHFWLYHUHVRXUFHSULFHLQWKHHFRQRP\VKRXOGHTXDOWKHVRFLDOFRVWVRI
extraction  represented  on  the  right  hand  side.  
+RZHYHUDEHQHYROHQW LQ¿QLWHO\ OLYLQJSODQQHUVKRXOGHTXDOO\FDUH IRU WKHZHOIDUH
of   both   present   and   future   generations.  This   is   the   case   actually   implemented   in   our  
H[SHULPHQWVEHFDXVHVXEMHFWUHZDUGVGHSHQGHGHTXDOO\RQSUR¿WVHDUQHGLQHDUOLHUDQG
ODWHUSHULRGV,QIDFWDSODQQHUZKRLVHTXDOO\LQWHUHVWHGLQSUHVHQWDQGIXWXUHZHOIDUH
ZLOOPD[LPL]HHI¿FLHQF\ LQHDFKSHULRGDQGZLOOQRWVDFUL¿FH IXWXUHHI¿FLHQF\ LQ IDYRXU
 ,QHDFKFRQGLWLRQ WKH¿UVW WHUPSRVLWLYHUHSUHVHQWV WKHPDUJLQDOFRVWZKLFKUHVXOWV IURPH[WUDFWLQJ
DTXDQWLW\KH  KL)  from  the  water  stock  SH  SL7KHVHFRQGWHUPUHÀHFWVWKHVKDGRZSULFHRIWKHUHVRXUFH
(i)    
(ii)  
 
SLto = SL
max  
s.t.

 
max
KLt
et
t0

 RL (KLt ) CLt (KLt ,SLt )[ ]dt 
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RIKLJKHUSUHVHQWH[WUDFWLRQDV LPSOLHGE\7KXV IRUPDOO\ZHDUH LQWHUHVWHG LQ WKH
special  case  of  ƣ=0,  the  conditions  above  then  become:  
                                                                                                                                                                   
         
*LYHQRXUIRUPXODWLRQWKHFRQGLWLRQVLQLPSO\WKDWLQRUGHUWRLPSOHPHQWWKH¿UVW
best  solution  a  social  planner  should  never   let   the  stock   levels   fall   to   the  point  where  
extraction   costs   become   positive.   This   solution   will,   in   general,   differ   from   the   one  
REVHUYHGXQGHULQGHSHQGHQWSULYDWHSUR¿WGULYHQPDQDJHPHQWRIWKHWZRUHVRXUFHV$V
a   result,   a   private  duopoly  with   independently   acting   suppliers  will   have   incentives   to  
extract  less  than  predicted  by  the  socially  optimal  solution  described  above.  The  collusive  
duopoly  will  further  deviate  from  the  socially  optimal  solution  on  the  same  direction  as  the  
VWDQGDUGGXRSROLVWLFPDUNHWWRZDUGVWKHPRQRSRO\VROXWLRQ6SHFL¿FDOO\HTXLOLEULXPIRU
the  non-­cooperative  duopolistic  management  structure  is  characterized  by  the  condition:  
                          
  
         
where,  RH  and  RL  denote  the  two  competing  entities’  revenues,  respectively.  This  resem-­
EOHVWKHVWDQGDUGGXRSRO\FDVH7KHOHIWKDQGVLGHLQIDLOVWRDFFRXQWIRUWKHQHJDWLYH
H[WHUQDOLW\RIHDFKW\SHRIZDWHURQWKHSUR¿WDELOLW\RIWKHRWKHU7KDWLVZKLOHWKHPRQR-­
SROLVWDFFRXQWVIRUWKHHIIHFWRIVHOOLQJDQH[WUDXQLWRIKLJKTXDOLW\ZDWHURQWKHPDUNHW
SULFHRIORZTXDOLW\DQGYLFHYHUVDGXRSROLVWVGRQRWLQWHUQDOL]HWKHKRUL]RQWDOH[WHUQD-­
lity.  For  ƣ WKHFRQGLWLRQVLQEHFRPH
  
                                                                                                                                                                                                   


 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EXPERIMENTAL DESIGN
Our  experimental  setup  aims  at  studying  how  different  levels  of  competitiveness  affect  
WKHHI¿FLHQF\RIDGXRSROLVWLFPDUNHWVXSSO\LQJZDWHUWRDKHWHURJHQHRXVSRSXODWLRQRI
consumers.  Two  different  levels  of  competitiveness  are  implemented.  A  standard  duopo-­
listic  structure  is  compared  with  a  collusive  environment  resulting  from  the  adoption  of  a  
FRQ¿UPHGVWUDWHJLHVSURWRFROZKLFKLVH[SODLQHGLQGHWDLOEHORZ
$VH[SODLQHGLQWKHXQGHUO\LQJWKHRUHWLFDOIUDPHZRUNWKHTXDOLW\RIZDWHUUHDFKLQJ
WKH ¿QDO FRQVXPHU LV QRW GLUHFWO\ FRQWUROOHG E\ DQ\ RQH RI WKH DJHQWV LQ WKHPDUNHW
Instead,  it  is  the  result  of  bidding  behaviour  by  the  two  agents  controlling  the  resources.  
Their  only  strategic  variable  is  the  minimum  price  at  which  they  are  willing  to  sell  each  
unit-­block  of  each  type  of  water  to  the  consumer.
We  use  the  model  described  in  the  previous  section  with  the  following  values  for  the  
parameters:
  
L 5HFKDUJHaH,  aL ,  3)
LL ,QLWLDODQGPD[LPXPVWRFNVL]HVSH,  SL ,  20)  
LLL :DWHUTXDOLWLHVQH,  QL 
LY 0LQLPXPTXDOLW\VWDQGDUGGHPDQGHGE\WKHKRXVHKROGQmin  =  3
7KH VSHFL¿F XWLOLW\ DQG FRVW IXQFWLRQV XVHG DUH SURYLGHG LQ$SSHQGL[$ 7R DYRLG
subjects  making  uncontrolled  guesses  concerning  the  end  of  the  session,  a  deterministic  
HQGJDPHKRUL]RQZDVXVHGDWRWDORISHULRGVZKLFKZDVNQRZQE\VXEMHFWVIURP
the  beginning  of  the  experiment.
Each   subject   knew   the   type   of  water   they  would   have   to  manage  over   the   entire  
session.  Furthermore,   they  were  conscious  about  a  generic  preference  by  consumers  
IRURQHJRRGKLJKTXDOLW\RYHUWKHRWKHU0RUHRYHUWKH\NQHZWKDWHDFKZDWHUTXDOLW\
LVDGHPDQGVXEVWLWXWH WKRXJKQRWSHUIHFWRI WKHRWKHUDQG WKDW WKHLUH[WUDFWLRQFRVW
VWUXFWXUHVZHUHLGHQWLFDO WRHDFKRWKHU¶V$VLPXODWRUPDGHDYDLODEOHWRWKHPRQWKHLU
decision  screen)  informed  them  on  the  hypothetical  costs  and  gains  they  would  make  if  
they  sold  all  the  units  of  each  product  for  which  they  were  currently  submitting  post  bids.  
They  knew  that  the  actual  number  of  units  they  sold  would  be  known  only  after  they  had  
SRVWHGWKHLUSHULRGELGVDQGWKDWWKHDXWRPDWHGGHPDQG¶VUHDFWLRQWRWKHVHELGVZDV
announced  to  them  on  the  feedback  screen.
In  a  two-­treatment  design,  we  analyse  two  different  scenarios  concerning  the  mana-­
JHPHQWRIWKHWZRVRXUFHVRIZDWHU,QWKH¿UVWWUHDWPHQW ODEHOOHGDVPrivate  Duopoly  
PD),  subjects  act  as  one  of  the  two  suppliers  who  act   independently  from  each  other  
XVLQJDGLIIHUHQW3&HDFKSRVWLQJVLPXOWDQHRXVO\WKHLUSULFLQJVFKHGXOHVLQWKHIRUP
 *LYHQWKHFRPSOH[QDWXUHRIWKHSUREOHPIDFHGE\RXUVXEMHFWVZHFKRVHDSHULRGKRUL]RQLQRUGHU
WRDOORZIRUVXI¿FLHQWOHDUQLQJWREHDFTXLUHGGXULQJWKHVHVVLRQ
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RIPLQLPXPSULFHVDWZKLFKWKH\DUHZLOOLQJWRVHOOHDFKRQHRIDPD[LPXPRIXQLWV
they  may  supply  to  the  market.  Subjects  were  told  that  offer  bids  had  to  exceed  weakly  
WKHFRVWRIWKHFRUUHVSRQGLQJXQLWDQGRIIHUVRIVXEVHTXHQWXQLWVZRXOGKDYHWREHQRQ
GHFUHDVLQJ6XEMHFWVZHUHUHZDUGHGDFFRUGLQJWRWKHLUDFFXPXODWHGSUR¿WVRYHUWKH
periods  of  the  experiment.  Thus,  the  two  sources  of  water  are  separately  managed  by  
WZRGLIIHUHQWVXEMHFWVUHSUHVHQWLQJWZRSUR¿WPD[LPL]LQJ¿UPV
In  the  second  treatment,  labelled  as  Coordinated  Duopoly  CD),  the  two  resources  
are  also  managed  by  different  subjects.  However,  each  pair  of  “competing”  subjects  sits  
in  front  of  the  same  terminal.  They  have  to  post  bids  exactly  in  the  same  way  as  in  the  
standard  duopoly  treatment,  with  the  only  difference  that  each  subject  can  observe  the  
bids  announced  by  the  rival  supplier  for  the  following  period.  Strategies  are  not  submitted  
unless  both  subjects  agree  to  press  the  “OK”  button.  This  happens  after  having  observed  
iteratively  the  strategies  announced  by  the  other  supplier  and  correcting  as  many  times  
DVQHFHVVDU\WKHLURZQSULFHELGV7RRXUNQRZOHGJHWKLVSURWRFROLVWKH¿UVWH[SHULPHQ-­
WDOLPSOHPHQWDWLRQRIDGXRSROLVWLFJDPHZLWKFRQ¿UPHGVWUDWHJLHV,QWKH$SSHQGL[ZH
provide  an  example  of  the  anti-­competitive  effects  of  FRQ¿UPHGVWUDWHJ\  bargaining  on  
WKHHTXLOLEULXPRIDSULVRQHUV¶GLOHPPDJDPH2XUGHVLJQ LPSOLFLWO\DVVXPHV WKDW WKLV
result  would  carry  over  to  a  dynamic  and  complex  duopolistic  setup  like  the  one  studied  
here.  However,  there  are  no  theoretical  results  available  on  this  intuition.  
)XUWKHUPRUHRXUH[SHULPHQW LV WKH¿UVW WRXVH WKHFRQ¿UPHGVWUDWHJ\PHFKDQLVP
as  a  means  of   implementing  an  anti-­competitive  environment   in   the   lab   instead  of   the  
usual  oral  or  on-­line  communication  protocols.  As  we  will  see   in   the   following  section,  
communication  and  agreement  on  the  timing  of  decision  submission  and  the  possibility  
of  iterated  inspection  of  the  “competitor’s”  strategy  before  jointly  pressing  the  “OK”  button  
render  this  setup  highly  collusive.  However,  individual  actions  and  incentives  remained  
uncoordinated  and  no  side  payments  were  feasible.  
Given  each  bidding  schedule  posted  by  the  entities  selling  water,  consumer  surplus  
PD[LPL]DWLRQGHWHUPLQHVWKHTXDQWLW\RIHDFKTXDOLW\FRQVXPHGDQGWKXVWKHDYHUDJH
TXDOLW\RIZDWHU7KLVLVDUDWKHUFRPSOH[SUREOHPHVSHFLDOO\GXHWRWKHXQFRRUGLQDWHG
action  of  sellers,  but  also  due   to   the  dynamic  nature  of   the  market.  The  method  used  
to  determine   the  market  clearing  price   is  a  combination  of  block-­rate  and  uniform  pri-­
cing  in  the  following  sense:  Suppliers  post  block-­rate  bids  to  the  market,  but  the  market  
clears   through  a  uniform  price  determined  by   the  price-­bid  of   the   “last”  block  of  each  
type  of  water  consumed  by  the  users.  To  implement  this  price  formation  mechanism,  we  
programmed  a  “smart”  agent  representing  the  users.  The  agent  allocates  water  among  
farmers  and  households   in  a  way  that  maximizes  consumer  surplus  conditional   to   the  
block-­rate  bids  posted  by  the  suppliers  of  the  two  different  types  of  water.  Therefore,  des-­
SLWHWKHLQGHSHQGHQWSUR¿WGULYHQDFWLRQRIVXSSOLHUVRXUVHWXSDVVXPHVDQGLPSOHPHQWV
conditional  collective  optimality  of  actions  on  behalf  of  the  consumers.
7KHUHVXOWLQJIHHGEDFNIURPWKHGHPDQGPRGHOLVGLI¿FXOWWRLQWHUSUHWE\WKHVXEMHFWVRU³OLQHD-­
rize”  in  any  sense.  Unit  extraction  costs  increase  in  “steps”  as  the  level  of  stock  of  each  water  
TXDOLW\GHFUHDVHV7KHUHIRUHLQHDFKSHULRGFRVWVGHSHQGRQH[WUDFWLRQLQSUHYLRXVSHULRGV
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A  history  window  displays  all  past  outcomes  regarding  each  supplier’s  own  decisions,  
LHTXDQWLWLHVSD\RIIVDQGPDUNHWSULFHV(DFKVXEMHFWDOVRUHFHLYHVWKHFOHDULQJSULFHDW
ZKLFKWKH³RWKHU´ZDWHUTXDOLW\ZDVVROG
The   experiment   was   organized   using   the   software  Hydromanagement   which  was  
GHYHORSHGLQ-DYDIRUWKHLaboratorio  de  Economía  Experimental  (LEE)  of  the  Universi-­
WDW-DXPH,RI&DVWHOOyQ6SDLQZKHUHDOOVHVVLRQVZHUHUXQ)LYHVXEMHFWVHVVLRQV
D WRWDORI[ GXRSROLHVZHUH UXQXQGHU WUHDWPHQWPD   and   two  40-­subject   ses-­
VLRQVDWRWDORI[ GXRSROLHVZHUHUXQXQGHUWUHDWPHQWCD.  A  number  of  learning  
URXQGVQRWUHSRUWHGKHUHZHUHUXQDWWKHEHJLQQLQJRIHDFKVHVVLRQ,QRUGHUIRU³VRFLDO
learning”  to  be  avoided,  sessions  from  different  treatments  were  run  in  a  random  order.  
Sessions  lasted  an  average  of  80  minutes  each.  In  all  treatments,  the  subjects’  monetary  
UHZDUGVZHUHSURSRUWLRQDOWRWKHLUDFFXPXODWHGSUR¿WVRYHUWKHSHULRGV$YHUDJHSHU
VXEMHFWHDUQLQJVZHUHVOLJKWO\EHORZ¼
RESULTS
7KHUHVXOWVDUHSUHVHQWHGLQ¿JXUHVWR&RPSDULVRQRI¿JXUHVDQGLQGLFDWHVWKDW
WKHFROOXVLYHGXRSRO\KDVUHVWULFWHGWKHRXWSXWUHÀHFWHGRQKLJKHUVWRFNVRIKLJKTXD-­
lity  water  more  than  the  standard  duopoly.  Whereas,  the  standard  duopolistic  structure  
Figure2.
Private  vs.  Coordinated  Duopoly:  Evolution  of  average  stocks  (low  quality)
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Figure  3.  
Duopoly  vs.  Coordinated  Duopoly:  Evolution  of  average  stocks  (high  quality)
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Table  1.
  Descriptive  statistics  from  the  last  30  periods
/RZ46WRFN +LJK46WRFN /RZ44XDQWLW\ +LJK44XDQWLW\
PD CD PD CD PD CD PD CD
Average 12.4 11.2 11.1 12.2 3.0 3.0 3.0 2.9
Std.  D. 1.2 1.2 1.2 0.9 0.2 0.3 0.3 0.3
$Y 11.7 10.9  12.0 2.9 2.9 2.9 2.8
6W' 0.4 0.4 0.3 0.2 0.2 0.2 0.1 0.3
/RZ4XDOLW\3ULFH +LJK4XDOLW\3ULFH $Y4XDOLW\3ULFH
PD CD PD CD PD CD
Average     0.04 0.04
Std.  D.  12.8 8.1 11.7 0.01 0.01
$Y 72.2 102.9 80.0 103.8 0.04 0.03
6W'  4.4  4.3 0.00 0.00
PD:  Private  Duopoly;;  CD:  Coordinated  Duopoly.
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)LJXUH
Duopoly  vs.  Coordinated  Duopoly:  Evolution  of  prices  (high  quality  water)


Figure  4.
Duopoly  vs.  Coordinated  Duopoly:  Evolution  of  prices  (low  quality  water)
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)LJXUH
Duopoly  vs.  Coordinated  Duopoly:  Evolution  of  quantities  (low  quality)  
KDVOHDGWRORZHURXWSXWKLJKHUVWRFNVRIORZTXDOLW\ZDWHUWKDQLVGRQHLQWKHFDVH
RIFRRUGLQDWHGGXRSROLHV)LJXUHVDQGLQGLFDWHWKDWSULFHVIRUERWKW\SHVRIZDWHU
KDYHEHHQVLJQL¿FDQWO\KLJKHULQWKHFDVHRIFRRUGLQDWHGGXRSROLHVZKLFKFRQ¿UPVWKH
anti-­competitive  nature  of  this  type  of  market.  In  table  1  we  present  some  descriptive  
statistics.
)LJXUHVDQGVKRZWKDWVLQFHWKHHDUO\SHULRGVH[SHULPHQWDOVXEMHFWVVHOODVPDQ\
XQLWV RI HDFK UHVRXUFH DV WKH LQÀRZ SURYLGHV 7KH\ WKXV FORVHO\ IROORZ WKH WHPSRUDO
SDWWHUQGLFWDWHGE\WKHK\GURORJLFDOHTXLOLEULXPRIWKHV\VWHPDFFRUGLQJWRZKLFKLQSXW
VKRXOGHTXDORXWSXWIRUWKHVWRFNVWRUHPDLQVWable  across  periods.  Obviously,  volatility  is  
a  non-­  negligible  problem  of  water  management  under  both  market  mechanisms.
7KHTXDQWLWLHVWUDGHGLQHDFKSHULRGDUHRQDYHUDJHQRWVLJQL¿FDQWO\GLIIHUHQWIURP
WKHVRFLDOO\RSWLPDOOHYHOVZKLFKFRLQFLGHZLWKWKHK\GURORJLFDOHTXLOLEULXPRIWKHV\VWHP
GHVFULEHGE\WKHUXOHRIHTXDOLW\EHWZHHQLQÀRZDQGFRQVXPSWLRQ
)LJXUHFRQWDLQVWKHHYROXWLRQRIDYHUDJHTXDOLW\WRSULFHUDWLRVGH¿QHGE\WKHPDJQLWXGH
  
P
Q ,  where:                 and  
$OWKRXJKPRVWRIWKHGLIIHUHQFHVDUHQRWVLJQL¿FDQWWKHFRRUGLQDWHGGXRSRO\WUHDWPHQW
KDV\LHOGHGV\VWHPDWLFDOO\ORZHUTXDOLW\WRSULFHUDWLRV

Q = KH  QH +KL  QLKH +KL

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Figure  7.
Duopoly  vs.  Coordinated  Duopoly:  Evolution  of  quantities  (low  quality)  
Figure  8.
Duopoly  vs.  Coordinated  Duopoly:  Evolution  of  Quality  to  Price  Ratio
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Summarizing  the  results  reported  above,  we  can  say  that  in  our  framework,  collusive  
LH FRRUGLQDWHGGXRSROLVWLFZDWHUPDUNHWVDUH OHVVHI¿FLHQW WKDQGXRSROLVWLFPDUNHWV
with  independently  acting  water  suppliers.  High  stock  level  and  prices  are  observed  for  
both  the  cases,  with  the  coordinated  duopoly  showing  relatively  lower  stock  level,  while  
PRUHPRGHUDWHLQHI¿FLHQFLHVDUHUHÀHFWHGRQORZHUTXDOLW\WRSULFHUDWLRV
CONCLUSIONS
Contrary   to   previous   experimental   studies   on   resource   markets,   our   setup   assumes  
extraction  from  separate  pools  and  competition  in  the  distribution  stage.  This  structure  is  
inspired  by  the  problem,  of  growing  importance  in  many  countries,  concerning  the  desi-­
rability  of  water  management  decentralization  through  the  use  of  market  mechanisms.  
$JHQHUDO¿QGLQJLVWKDWSULFHVDUHXVHIXOLQDOORFDWLQJZDWHUUHVRXUFHV)XUWKHUPRUH
private  management  could  suffer  from  an  increased  concern  not  to  overexploit  the  resou-­
UFHV+RZHYHUPRUHFRPSHWLWLYHPDUNHWV \LHOGKLJKHU OHYHOVRIPDUNHWHI¿FLHQF\DQG
PRGHUDWHO\KLJKHUTXDOLW\WRSULFHUDWLRV
Whether  the  complexity  of  the  problem  and  the  resulting  feedback  induce  a  persistent  
learning  shortcoming  or  not  is  not  answered  by  our  results  so  far.  Therefore,  an  interes-­
ting  extension  of  the  experiments  presented  here  would  be  to  allow  for  longer  sessions,  
or  running  future  sessions  with  experienced  subjects.
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APPENDIX 
0DWKHPDWLFDOPRGHO
:H SURYLGH KHUH WKH VSHFL¿F PDWKHPDWLFDO H[SUHVVLRQV XVHG KHUH WR LPSOHPHQW WKH
model  outlined  in  the  main  text.  The  household’s  utility  is  given  by  the  following  function:
ZKHUHWKHODVWWHUPLQEUDFNHWVGHQRWHVWKHSXUL¿FDWLRQFRVWV
The  farmer’s  utility  function  is  as  follows:  
Resource  i¶Vi  =  H,  L)  extraction  costs  of   iK units  is  denoted  by   )( ii KC ,  containing  
information  on  the  cost  of  extracting  one  unit  of  the  resource  from  a  given  stock  level.  
For  the  discrete  case  implemented  here,  this  information  is  summarized  in  the  Table  3  of  
H[WUDFWLRQFRVWVEHORZ*LYHQWKHTXDQWLW\UHVWULFWLRQRIXQLWVDQGWKHGLVFUHWHTXDQWLW\
space  allowed,  the  following  utility  levelsLQWDEOHZHUHDVVLJQHGWRWKHKRXVHKROGh)  
DQGWKHIDUPHUF)  populations:  
 
Uh (KHh,KLh ,QMh ) = 205 ln 1+ (max{Qmin,QMh}+ (KLh +KHh )).(KLh +KHh ) CQh( )

 
UF (KHF ,KLF ,QMF ) =170 ln 1+ 0.5 (QMF + 3 (KLF +KHF )) (KLF +KHF )[ ]
Table  2.  
8WLOLW\OHYHOVDVVLJQHGWRKRXVHKROGVDQG)DUPHUVIRUWKH¿YH¿UVWXQLWVRIWKHWZRZDWHUTXDOLWLHV
KRXV/RZ 0 1 2  4 
High 0 0 174 301  378 378
1 399 492    711
2     797 832
  717 771 822  
4 740 789  880 920 
  849 890 929  999
)DUPHU/RZ 0 1 2  4 
High   0 0 187  471  
1 274 391 491   
2 422    702 749
    707  794
4   712  798 834
  717  801  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INSTRUCTIONS7 
7UHDWPHQWV3'DQG&'
The  aim  of  this  experiment  is  to  study  how  people  make  their  decisions  in  certain  con-­
texts.  Your  decisions  in  the  scenario  explained  below  in  detail,  will  be  directly  related  to  
a  monetary  reward  you  will  receive  in  cash  at  the  end  of  the  experiment.  Any  doubt  you  
PD\KDYHZLOOEHFODUL¿HGSHUVRQDOO\WR\RXE\RQHRIWKHRUJDQL]HUVDIWHU\RXUDLVH\RXU
KDQG%H\RQGWKHVHTXHVWLRQVDQ\RWKHUFRPPXQLFDWLRQLVVWULFWO\IRUELGGHQDQGLVVXE-­
ject  to  immediate  exclusion  from  the  experiment.  
You  participate  in  a  market  consisting  of  the  following  features:
 7KHUHDUHWZRSURGXFHUVDQGDQGWZRFRPPRGLWLHVSURGXFWH  and  product  
L6SHFL¿FDOO\SURGXFWH  is  water  of  High  quality,  while  product  L  is  water  of  Low  
quality.  Products  H  and  L  are  substitutes,  namely,  consumers  may,  to  a  certain  
extent,  substitute  one  type  of  water  with  the  other.
 You  are  one  of  the  two  producers  in  this  market.  At  the  beginning  of  the  session,  
the  computer  will  indicate  if  you  are  producer  1  or  2.  Your  competitor  will  be  one  
DOZD\VWKHVDPHRIWKHVXEMHFWV LQWKLVURRPUDQGRPO\VHOHFWHGE\WKHFRP-­
puter  when  the  session  starts  [Treatment  CD:  your  competitor  is  the  person  who  
sits  next  to  you]
 There  are  two  types  of  consumers:  households  and  farmers.  Although  they  have  
different  preferences  with  respect  to  the  two  types  of  water,  they  all  prefer  water  of  
KLJKTXDOLW\product  H)WRZDWHURIORZTXDOLW\product  L).  That  is,  they  are  willing  
to  pay  more  for  H  than  for  L.
 7KHPDUNHWZLOOODVWIRUURXQGV
'HFLVLRQ0DNLQJ
Your  only  decision  as  a  producer   is   announcing   the  minimum  price  at  which   you  are  
ZLOOLQJWRVHOOHDFKRQHIURPDPD[LPXPRIXQLWV\RXPD\VHOORI\RXUSURGXFW6XFK
announcements  of  minimum  prices  are  called  price  bids.  In  order  to  make  your  decisions,  
you  have  to  take  into  account  that:
1.   The  extraction  cost  per  additional  unit  extracted  and  by  product   is   included   in  
the  “table  of  costs”  bellow.  Therefore,  cost  conditions   for  you  and  your  competitor  are  
LGHQWLFDODQGWKH\DUHH[SUHVVHGLQ([&8VD¿FWLWLRXV([SHULPHQWDO&XUUHQF\8QLW
   7  7KHLQVWUXFWLRQVWRVXEMHFWVZHUHRULJLQDOO\ZULWWHQLQ6SDQLVK+HUHZHLQFOXGHDXQL¿HGWUDQVODWHGYHU-­
VLRQIRUWKHWZRWUHDWPHQWVHPSKDVL]LQJWKHGHWDLOVWKDWDUHVSHFL¿FWRHDFKRQHRIWKHP
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2.   Taking   into  account   the  cost  structure   in   the   table,  you  have   to  announce  ¿YH
minimum  pricesDWZKLFK\RXDUHZLOOLQJWRVHOOHDFKXQLWRIWKH¿YHXQLWVRI\RXUSURGXFW
7KHUHIRUH\RXUGHFLVLRQPDNLQJFRQVLVWVRI¿[LQJ5  price  bids  for  your  product.
3.   You  should  have  in  mind  that,  in  order  not  to  make  any  losses,  price  bids  cannot  
be  lower  than  the  corresponding  unit  cost  presented  in  the  table.
4.   Price  bids  cannot  be  decreasing.  That  is,  your  bid  for  the  1st  unit  cannot  be  higher  
than  your  bid  for  the  2nd  unit;;  the  bid  for  the  2nd  cannot  be  higher  than  the  bid  for  the  3rd  
unit,  and  so  on  and  so  forth.
 2EVHUYHLQWKHWDEOHWKDWWKHXQLWFRVWVGHFUHDVHZLWKWKHVWRFNVL]H$WWKHEHJLQ-­
ning  of  the  session,  you  have  an  initial  stock  size  of  20  units.  At  the  beginning  of  each  
round,  you  get  three  more  units.  
 <RXUVWRFNVL]HFDQQHYHUH[FHHG20  units  and,  therefore,  once  20  units  are  rea-­
ched,  any  additional  units  you  may  receive  are  lost.  
([DPSOH
Suppose  that  at  the  end  of  a  round  your  stock  size  is  9  units.  At  the  beginning  of  the  new  
URXQG\RXJHW\RXUDGGLWLRQDOXQLWVVRWKDW\RXUVWRFNQRZLVXQLWV2EVHUYHLQWKH
WDEOHWKDWIRUDVWRFNVL]HRIXQLWVWKHXQLWFRVWIRUWKH¿UVW¿YHXQLWVH[WUDFWHGLVWKH
following:
 the  cost  of  the  1st  unit:  2  ExCUs        
 the  cost  of  the  2nd  unit:  4  ExCUs
 the  cost  of  the  3rd  unit:  7  ExCUs
 the  cost  of  the  4th  unit:  11  ExCUs
 WKHFRVWRIWKHth  unit:  18  ExCUs
Table  3.  
Unit  extraction  costs  for  the  two  water  qualities
6WRFNVL]H 20 19 18  16  14  12 11
Unit  cost 0 0 0 0 0 1 1 2 2 4
6WRFNVL]H 10 9 8  6  4  2 1
Unit  cost 7 11 18 30 50 82 135 223 368 607
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In   order  not   to  make   losses,   each  one  of   your   bids   should  not   be   lower   than   the  
corresponding  unit  cost.  Therefore,  in  this  example,  your  bid  for  the  1st  unit  should  not  
EHORZHUWKDQ([&8VFRVWRIWKHst  unit);;  your  bid  for  the  2nd  unit  should  not  be  lower  
WKDQQHLWKHU([&8VFRVWRIWKLVXQLWQRU\RXUELGIRUWKHst  unit;;  your  bid  for  the  3rd  
unit  should  not  be  lower  than  neither  7  ExCUs  nor  your  bid  for  the  2nd  unit,  and  so  on  for  
the  rest  of  the  units.
,QFDVH\RXVHOOXQLWVWKHVWRFNVL]HDWWKHEHJLQQLQJRIQH[WURXQGZRXOGEH
XQLWV\RXNHSWSOXV\RXJHWLQWKHQHZURXQG,IJLYHQ\RXUELGVIRUWKH¿YHXQLWV
\RXUVDOHVDUH]HUR\RXUVWRFNZRXOGEHXQLWV\RXDOUHDG\KDGSOXV\RXJHWDW
the  beginning  of  the  round).
DECISIONS 
You  make  decisions  on  the  minimum  price  at  which  you  are  willing  to  sell  each  unit  of  
\RXUSURGXFW<RXZLOO¿OOLQDOOWKHER[HVWKDWDSSHDUDW\RXUFRPSXWHUVFUHHQZLWK\RXU
price  bids.   In  each  box,  you  will  also  get   information  related  to   the  corresponding  unit  
cost.  The  bids  you  submit  have  to  be  integer  numbers  between  zero  and  2000.  
Although  you  may  propose  five  different  price  bids,  all  units  of  the  same  type  of  
water  will  be  sold  to  consumers  at  a  single  price.  This  price  will  be  your  bid  for  the  
“last”  unit  sold  of  each  product.  The  number  of  units  sold  each  period  is  calculated  
by  a  program  which  simulates  the  optimal  behaviour  of  consumers.
[Only  Treatment  CD]  You  have   to  make  decisions   for  your  product   individually.  
However,  since  you  share  the  same  PC  to  submit  your  strategies,  you  may  observe  
the  decisions  made  by  your  competitor  before  pressing   the   “OK”  button.  Both  you  
and   your   competitor   have   to   agree   on   the   moment   in   which   you   press   the   “OK”  
button,  which  means  that  you  both  have  finished  your  own  decision  making  process.  
([DPSOH
,QWKHH[DPSOHDERYHDVVXPHWKDW\RXUELGVIRU\RXUSURGXFWDUHIRUWKHst  unit),  
IRUWKHndIRUWKHrdIRUWKHthDQGIRUWKHth).  Given  your  bids,  the  
program  which  simulates  the  optimal  behaviour  of  consumers  determines  that  3  units  of  
this  product  will  be  sold.  The  price  at  which  you  will  sell  the  three  units  will  be  your  bid  for  
the  3rd  unit,  that  is,  14  ExCUs.  
THE PROFITS
<RXUQHWSUR¿WRIVHOOLQJHDFKXQLWRIDSURGXFWZLOOEHWKHGLIIHUHQFHEHWZHHQWKHPDUNHW
SULFHDWZKLFK\RXVROGDOOXQLWV\RXUXQLWLQFRPHDQGWKHFRUUHVSRQGLQJXQLWH[WUDFWLRQ
FRVW7RWDOSUR¿WVZLOOEHWKHVXPRIWKHXQLWSUR¿WVIRUDOOSHULRGV
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([DPSOH
Taking  again  the  previous  example,  if,  at  the  beginning  of  a  round,  your  stock  size  is  12  
XQLWV\RXUWRWDOSUR¿WVLQWKDWURXQGZLOOEH([&8VZKLFKDUHGHFRPSRVHGDVIROORZV
i)   12  ExCUs  for  the  1stXQLWVROG([&8V\RXUHFHLYHIRUWKDWXQLWPLQXV([&8V
it  costs  you  extracting  it).
ii)   10  ExCUs  for  the  2ndXQLWVROG([&8V\RXUHFHLYHIRUWKDWXQLWPLQXV([&8V
it  costs  you  extracting  it).
iii)   7  ExCUs  for  the  3rdXQLWVROG([&8V\RXUHFHLYHIRUWKDWXQLWPLQXV([&8V
it  costs  you  extracting  it).  
THE INFORMATION
During  decision  making,  the  computer  will  provide  you  with  a  table  simulating  results  con-­
GLWLRQDOWR\RXUELGDQGFRVWIRUWKHFRUUHVSRQGLQJXQLWLQ¿YHSRVVLEOHVFHQDULRVa)  In  case  
you  only  sell  the  1st  unit;;  b),I\RXMXVWVHOOWKH¿UVWWZRXQLWV«e),QFDVH\RXVHOOXQLWV
$WWKHHQGRIHDFKURXQGWKHFRPSXWHUVFUHHQZLOOVKRZ\RXWKHWRWDOSUR¿WVREWDLQHG
in  that  round,  including  information  about  unit  cost,  market  price  and  number  of  units  sold  
of  each  product,  as  well  as  your  rival’s  price.
During  the  experiment,  you  will  be  provided  with  a  screen  containing  the  history  of  past  
roundsPDUNHWSULFHIRUHDFKSURGXFWQXPEHURIXQLWVVROGWRWDOUHYHQXHDQGWRWDOSUR¿WV
MONETARY REWARD
Your  monetary  rewardDWWKHHQGRIWKHVHVVLRQZLOOEHWKHVXPRI\RXUSUR¿WVDFFX-­
PXODWHGLQURXQGVUDQGRPO\VHOHFWHGE\WKHFRPSXWHURIWKHWRWDORIURXQGV
DWDQHTXLYDOHQFHUDWHRI([&8V (XUR<RXZLOOEHSDLGin  cash  at  the  end  of  the  
session.
In  order  to  make  sure  you  understood  correctly  the  market  described  above,  we  will  
proceed  next  to  run  a  pilot  session  of  5  rounds3OHDVHIHHOIUHHWRPDNHDQ\TXHVWLRQV
you  may  have  during  this  pilot  session.
Thank  you  for  your  collaboration.  Good  luck!  
ON GAMES WITH CONFIRMED STRATEGIES 
)ROORZLQJ$WWDQDVLHWDO ZHGHVFULEH LQWKLVSDUWRI WKHDSSHQGL[WKHSULVRQHU¶V
GLOHPPDJDPHZLWKFRQ¿UPHGSURSRVDOV&RQVLGHUWKHIROORZLQJSD\RIIPDWUL[FRUUHVSRQ-­
GLQJWRDVWDWLFSULVRQHUV¶GLOHPPDZLWKWKHZHOONQRZQGRPLQDQWVWUDWHJ\HTXLOLEULXP$
6SOD\HGE\WZRSOD\HUVURZVDQGFROXPQVLQWKHIROORZLQJZD\
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MANAGING  A  DUOPOLISTIC  WATER  MARKET  WITH  CONFIRMED  PROPOSALS  
7KHG\QDPLFJDPHZLWKFRQ¿UPHGSURSRVDOVZRUNVDVIROORZV3OD\HUDQQRXQFHV
a  strategy   from   the   set   {A,  B}.  Player  2  observes   the  announcement  and  chooses   to  
DQQRXQFHDVWUDWHJ\ IURPWKHVHW ^6'`VXEMHFW WR¶VFRQ¿UPDWLRQRI WKHDQQRXQFHG
VWUDWHJ\,ISOD\HUFRQ¿UPVWKHLQLWLDOVWUDWHJ\WKHEDUJDLQLQJSURFHVVHQGVLQDµFRQ¿U-­
med  agreement’  and  strategies  are  played  as  announced.  Otherwise,  player  1  may  not  
FRQ¿UPWKHVWUDWHJ\SUR¿OHUHVXOWLQJIURPKLVLQLWLDODQQRXQFHGVWUDWHJ\DQG¶VUHVSRQVH
to   it.  Then,  a  different  strategy   is  announced   in  response  to  2’s  previously  announced  
VWUDWHJ\ ,ISOD\HUFRQ¿UPV WKHVWUDWHJ\SUR¿OH WKHJDPHHQGVDVH[SODLQHGEHIRUH
RWKHUZLVHPD\QRW FRQ¿UP WKH UHVXOWLQJ VWUDWHJ\SUR¿OHDQGPDNHDQHZSURSRVDO
7KLVSURFHGXUHFRQWLQXHVXQWLODQDJUHHPHQWLVUHDFKHGE\DSOD\HU¶VFRQ¿UPDWLRQRIKLV
announced  strategy  and  his  rival’s  response  to  it.  This  is  a  dynamic  game  with  complete  
and  perfect  information  that  can  be  represented  in  the  following  way:    
7KHDUURZVGUDZQLQWKLQOLJKW OLQHVFRUUHVSRQGWRDFWLRQVZKLFKDUHQRWJRLQJWR
EH FKRVHQE\ WKH FRUUHVSRQGLQJSOD\HU7KXV WKH VXEJDPHSHUIHFW1DVKHTXLOLEULXP
631(RIWKHJDPHLVWKHFRRSHUDWLYH3DUHWRRSWLPDOVWUDWHJ\SUR¿OH%'7KHUHIRUH
WKH631(RIWKH³FRQ¿UPHGVWUDWHJLHV´YHUVLRQRIDSULVRQHUV¶GLOHPPDLVWKHFRRSHUDWLYH
3DUHWRRSWLPDORXWFRPH
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